POST-TENSIONED CAST-IN-PLACE CONCRETE BRIDGES
by
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The first bridges built by primitive man were imaginative attempts to
duplicate those bridges created by nature. With the publication on structural engineering in 1635 by Galileo, the Italian astronomer and physicist,
the first system for rational structural analysis was proposed. This renaissance contribution led to a continual evaluation in design practice as
the properties and mechanics of the various construction materials became
better known by the engineering society.
The stone and masonry bridges of the middle ages gave way to such imaginative engineering and builders as John A. Roehling, Colonel Washington
Roehling, and Captain James B. Eads who proposed the long span iron bridges.
In 1889, the first reinforced concrete bridge introduced another new
era. The Walnut Lane Bridge in Philadelphia, designed by Gustave Mangel,
was the first prestressed bridge in the United States. This 160 foot span
creation was completed in 1949, some twenty years after the Europeans first
prestressed structure had been built.
Prestressed concrete is a very logical extension of the conventionally
reinforced system. The combination of ultra high tensile strength steel and
the compressive strength of concrete has made possible structures with large
span to depth ratios, high load capacity, deflection control, and control of
shrinkage cracks.
Pretensioning of standard shapes such as the Standard AASHO Bridge Shapes
was desirable for economy and quality control as the engineering technology
of the era far preceeded the new construction techniques. As the state of the
art advanced the advantage of using pre-engineered systems was lessened as engineers who challenged conformity became conversant with the tools of prestressed
concrete design.
A 1965 Engineering News Record survey indicates most states will employ
concrete as the prime construction material. Kentucky is one of these states,
However, there is an every increasing use of pretensioned and post-tensioned
concrete structures among all design oriented organizations. For example,
the Illinois Division of Highways has seen a 100% increase in prestressed
bridges of various forms during the year 1965.
T~e four span reinforced concrete deck girder bridge has been the most
economical structure in Kentucky and has been used extensively for major highway grade separation structures.
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With the passage of the Highway Beautification Act by Congress, last year,
a highway aestetics code now exists. The initial implication of this code
eliminates bridge piers from the shoulders of all new highways. An indirect
effect of the act is the need for longer span highway structures and, in
essence, the elimination of the four span R-C deck girder bridges from future
consideration from a purely economical standpoint.
Two span continuous bridges spanning greater than 90 feet are now required
for major highway grade separation structures such as on the Kentucky Interstate system. Cost estimates and bids for two span bridges indicate that as
much as 30% premium in superstructure cost may be incurred.
Structural steel represents one means of attaining the long sp ans. However, post-tensioned concrete can be utilized as the structural media if we,
as engineers, will take a searching look at our present mode of practice in
an attempt to incorporate the tools of modern concrete technology.
The late Dr. Steinman once said the designer must be half artist and
half engineer. Both the art and the science must be practiced. With this in
mind, let us look at one of the post-tensioning systems and a few striking
examples of post-tensioned concrete bridges. These structures have the
flexibility to satisfy the aesthetic requirements, provide a structural system capable of spanning well over 100 feet, and yet compare favorably with
steel shapes.
The BBR Post-Tensioning System, the most popular system in the U.S.,
utilizes 240,000 psi steel. The system anchorages parallel groups of 1/4"
diameter wire by means of a 3/8" cold formed "button head". Any number of
wires may be fabricated in any one tendon to achieve the desired effective
precompression of the concrete section.
The button head system is shop fabricated
requiring no field assembly -assuring adequate field control. A tendon assembly is always precut to an exact
length -- no stock tendons are available. However, certain anchor assemblies
are available to expedite delivery.
Stressing of the tendons is accomplished by electrically operated hydraulic jacks. Stressing records, supplied by the material supplier, dictate the
exact guage pressure and tendon elongation. At the working stress level,
144,000 psi, the elongation is approximately 6" per hundred feet.
Shop drawings dictate the ordinates of the various tendon trajectories and
specify the location of the anchor heads before and after stressing. Tendons
are stressed to the design force -- effective force plus losses for creep,
shrinkage, elastic shortening and sequence stressing. The Bureau of Public Roads
Code criteria is one attempt to approximate these losses. The computation is
not a lump sum deduction but is based on the average tensile stresses of the
tendon and the average compressive stress in the concrete.
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The first cast-in-place post-tensioned railroad bridge in the U. S.
was the c & WI Railroad Bridge in Chicago. This three span structure was
chosen the mos:desirable of seven solutions studied. The cast-in-place
box girder section spans 57', 40' and 67', the design saved 10% over the
cost of a structural steel system, and 3% over the precast pretensioned
concrete solution.
The post-tensioning tendons, shipped on a 6' diameter steel rack,
create no special storage problem for the contractor. If the tendons are
left exposed indefinitely, protection from the elements should be considered.
Surface rust or scale should not be a means of automatic rejection of
materials.
Post-tensioning tendons may be fabricated in short lengths and coupled
together on the job site, Tendon assemblies 380' long have been fabricated
without coupling. Tendons may be uncoiled by hand after being lifted to the
deck.
Stressing is accomplished through the end diaphragm. Approximately a
five foot horizontal clearance is required for stressing. Access is not required at the fixed ends. Pouring of the end abutment must be scheduled
around these access requirements. The post-tensioning force was 6,000 kips
for the middle span and 15,000 kips for the adjacent spans.
After stressing the voids of the tendons (approximately 50% in the area)
are grouted to pr9tect the steel from corrosion and increase the ultimate
load capacity of the structure. The cement paste is pumped in the tendon
under 150 psi pressure. An expansive agent assures that air pockets will be
eliminated. Periodic instruction or supervision by the material supplier to
attain proper control in placing, stressing and grouting is supplied.
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The Montrose Avenue Bridge over the Kennedy Expressway in Chicago was
the first major highway bridge in Illinois to utilize post-tensioning. The
structure consisting of three simple spans, 152', 156' and 152', was unusual
in the fact that the 30 girders were cast on the ground, tensioned, and the
excavation was made under them.
Post-tensioned girders undergo a measurable amount of elastic shortening
upon stressing. This movement must be compensated for by strategically located fixed and expansion piers. Full tensioning is not normally applied
until after the concrete strength has reached 3,500 or 4,000 psi. The direct
stress behind the stressing assembly base plate must be kept within certain
li~its. Careful vibration in this anchor zone is necessary to eliminate all
voids. Stress levels seldom exceed 2,000 psi; however, some consideration
must be given to end block reinforcement so as to compensate for the spalling
tendencies of the concrete in the highly stressed end block area. Application of full post-tensioning force to the green concrete may cause a temporary overstress in flexure. Application of partial post-tensioning force
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when the concrete strength reaches 2,000 psi will not overstress the section,
in any fashion, and will actually minimize the amount of shrinkage cracks
appearing during curing.
Another type of bridge which is employed frequently utilizes site precasting. The Oneida Lake Bridge near Brewerton, New York clear spans 320 feet
and is today the longest span prestressed bridge in the United States. The
bridge consists of shore anchored symmetical cantilever spans and a drop in
center span. The cantilevers were shore cast and rolled into the bridge pier.
The drop in span was cast on shore and floated into place.
These massive girders contained a considerable amount of sono tube voids
so as to minimize the dead weights. Tendons were dropped in a pattern resembling the moment diagrams for each girder. In the cantilever beam, for
example, the maximum post-tensioning force is delivered at the support. As
the moment requirements diminish, tendons were discontinued.
Tendons are placed in accordance with the manufacturers shop drawings
which locate the tendon trajectory at approximately six foot centers. Tendons
are generally supported by short bars which in turn are supported by the existing
stirrups. Bulkheads must be prepared to receive the tendon anchorages as blackouts some times are required to provide proper stressing clearance. The bulkheads must resist only the lateral forces produced by the sagging untensioned
tendons.
The 200 ton hydraulic ram normally required for stressing beam tendons
weighs approximately 300 pounds. As the jacks can not be manhandled, adequate
provisions must be made by the general contractor to support this equipment
in proper alignment. A simple jig may do the job; however, a wheeled cart
containing the ram, pump, and miscellaneous gear is sometimes desirable when a
great . number of tendons are accessible from the same working level.
During the stressing operation both the tendon elongation and gauge
pressure are constantly monitored. The predicted elongation of the tendon
is based on an average stress level after the estimate friction losses have
been evaluated. Failure to attain proper elongation may indicate either a
tendon blockage or simply, higher friction losses than were expected. The maximum gauge pressure for a specific tendon shall not be exceeded as overstress
and tendon failure are eminent.
Fully automatic and coordinated stressing assemblies are now beginning to
replace the manually operated component units. The desired tendon elongation
and maximum gauge pressure need only be set on the dials. No accidental
overstressing is possible as the unit will hold but not exceed the programmed
limits for elongation and gauge pressure.
Site casting of girders allows production of units which exceed practical
precast prestressed girders. The girders are post-tensioned and lifted onto
the bridge piers. No shop or size limitations exist.
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The European engineers are well ahead of their American counterpart.
Several noteworthy structures have been built which employ uni que construction procedures devised during the design state not at bid time.
The cantilever method is one of the most popular construction schemes.
The Bendorf Bridge over the Rhine River in West Germany was built by the cantilever method. This structure dwarfs all American efforts with a 682' clear
span. Symmetrical sections were symmetrically cantilevered and post-tensioned
to existing elements until the gap had been bridged.
Closer ties must exist between the designer and the constructor in the
future long span undertakings. The longer the span the more important the
erection system becomes. For example, an increase in span from 100' to 200'
can quadruple the erection costs.
I n the constant evolution of design practice, new ~venues , new medias,
and new ideas must be utilized. The recent adoption of the Ultimate Strength
Design Criteria by the Bureau of Public Roads is a giant step forward.
In the future the long span bridges will present a great chall en ge to
the designer. There are many avenues open for exploration. Cast-in-place
concrete and precast may be combined effectively for unusual problems. Posttensioning will be necessary in many instances.
The European success is partially attributed to a more favorable labo r
mar ket. However, genuine ingenuity is necessary to successfully combine the
tools of a modern technology and construction practice.

Ty pical Ryerson BBRV Post-Tensioning T endon. Parallel
A nchored by Cold-Formed Upset End.
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Y4"

240 KSI Wires

Montrose Avenue Bridge, Chicago, Illinois. Seven Grout-Type Post-Tensioning
Tendons Spanning 156' in Draped Pattern Prior to Closing Beam Side Form.

Ryerson 40-Wire Grout-Type Tendons. Bottom Row-Unstressed Tendons. Middle Row-Tendons Undergoing Stressing. Top Row-Completely Stressed Tendons Secured by Lock Nuts.
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